We review possible facilities which are suitable for studying new concepts in acceleration and focusing mechanisms. Two facilities are discussed in detail.
INTRODUCTION
During the past five years several conferences have been dedicated to the study of new acceleration and focusing techniques.
A number of promising ideas have emerged which should work, at least in principle.
What is needed now are experimental measurements showing how well (efficiently) the ideas work and what the major (possibly unforeseen) difficulties are. Only then can one decide if it is possible to make a realistic scenario for constructing a real accelerator. Up until now the experimental work that has been done has been by individual groups fortunate enough to have access to the necessary equipment.
It may be more beneficial for this study and more cost effective to provide a small number of facilities dedicated to the study of new acceleration and focusing techniques.
Any facility should include at least (I) a good quality electron beam, (2) adequate, accessible floor space to set up the test apparatus, (3) a high resolution spectrometer for measuring the results, (4) beamline and other standard monitors, and (5) a data acquisition system. The user would be responsible for the test device, any special diagnostics, and interfacing to the data acquisition system. Such a facility might be run analogously to those used in particle physics.
The experience with the Argonne facility mentioned below shows that useful facilities of this type can be constructed in short time frames and for moderate amounts of money.
POSSIBLE FACILITIES
Where would one build such a facility? At the Malibu conference last year the accelerator technology group studied this question, at least for U.S.
locations.l The proposed sites fell into four categories.
The first, the Argonne wakefield facility, is in a class by itself because it has actually been approved and is nearing completion.
The second class was SLAC beams. The committee identified at least five possible locations at SLAC. However, after lengthy discussions the SLAC management decided that any such facility at SLAC would interfere with the preparations for SLC and the proposals were rejected.
A useful outcome of these discussions however was the specifications for a dedicated facility (LATF) which is now proposed to be built at Brookhaven.
The third category of possible facilities involved adapting an existing FEL facility. This has the advantage that a tuneable radiation source is available in addition to the electron beam.
However these facilities are still performing useful work on FELs, so it seems premature to consider them for acceleration tests at this time. The fourth category involved lower cost facilities using low performance linacs. Such devices could only test a small class of acceleration ideas and do not appear useful at this time.
It should be mentioned that besides these proposals for true facilities some experimental groups have substantial amounts of equipment and would be amenable to suggestions for collaborative efforts in certain areas of study.
The UCLA w has a 1.5 MeV electron beam, a high power COn laser, and a 180 spectrometer. 2 They z are currently interested in studying plasma beatwave acceleration. The NRC-Ottawa group has a 400 KeV electron source together with a high power, short pulse CO 2 laser.
They are planning to study acceleration on open structures.3
ARGONNE WAKEFIELD LINAC
Now we turn to the one existing facility, the Wakefield linac at Argonne National Laboratory. 4This facility has just been completed. Its primary purpose is to study wakefield acceleration techniques. The accelerator provides two pulses, a drive pulse of adjustable shape and intensity, which sets up the electromagnetic fields in the test device, and a trailing witness pulse of ajustable temporal delay and spatial offset, to measure the effects.
Alternatively, either pulse could be used separately in non-wakefield schemes.
The drive beam has an energy of 21 MeV and 2xlO |I electrons/ bunch.
The pulse length is adjustable down to about 5 ps. The rms beam emittance is -5 pi mm-mrad.
The witness beam has an energy of 15 MeV, I0 4 to I0 7 electrons/bunch, and variable emittanceo
The time delay between the two pulses can be adjusted from 0-2400 ps, and the two beams can be spatially separated by 0-I cm. The spectrometer can measure energy changes down to 20 KeV. Figure I shows the experimental layout. The Chemistry Division linac produces 35 ps pulses with
• 0.7% momentum spread using a subharmonic buncher.
The beam passes through a 90 ~ achromat into the rf cavities.
The first cavity is used for bunch rotation to shorten the pulse length while retaining the high charge/pulse.
After traveling through the two following 90 ~ bends the pulse is shortened to 5 ps while the momentum spread has increased to i 3%. A second cavity will be used later for bunch shaping. This is very important in wakefield studies as it allows some control over the wakefield transformer ratio.
Part of the single linac pulse then strikes a target. The major, nondegraded part of the beam is separated from the interacting spray and two beams are formed.
Both beams pass through the experimental test device. Finally the resultant deflections and momentum changes are measured with the spectrometer. Figure 2 shows the experimental area in more detail. After the linac pulse strikes the target the noninteracting high energy "drive" beam is deflected to the left in the figure.
The beam makes a 280 ~ loop and is deflected into magnet B5. This transport is isochronous in order to prevent pulse lengthening.
The momentum spread of 23% comes from the natural spread of the rotated linac pulse and from longitudinal self-focusing in the intense pulse. The lower energy spray from the target is collimated, momentum selected, and bent to the right.
This "witness" beam has a momentum spread of • 1%. It is deflected into the "trombone" section of the beamline which can be moved on tracks up to 2 feet to provide a variable path length. The witness beam is not isochronous for all delays. Two quad families are used to maintain constant beam properties after magnet B4. The witness and drive beams recombine in dipole B5.
The two beams move together through the experimental test device with the desired time delay and spatial offset.
One meter of free area is provided for the device.
The spectrometer measures the deflections and energy changes of both beams. The magnet has a radius of curvature of i.I m for a 21 MeV beam.
The momentum acceptance is • 20% while the solid angle acceptance is I0 msr. The bending plane is vertical.
This allows measurements of momentum changes independent of horizontal deflections caused by transverse wakes.
A second advantage of bending the beams into a pit in the floor is reduced shielding.
The detector is a phosphor coating on a thin plate. This is viewed by a TV camera equipped with a frame grabber.
A number of wakefield experiments have already been proposed for the facility.
First is the wakeatron.5 The structure is a discloaded waveguide.
The drive pulse passes down the axis setting up fields in the structure which are then used to accelerate the trailing witness pulse.
An acceleration of up to i0 MeV is expected. Second is the plasma wakefield accelerator. 6 Here the wakefields of the drive pulse set up density variations in a plasma.
The witness pulse is accelerated by the separated charges in the plasma. An acceleration of up to 15 MeV is expected.
The facility can also be used to make coupling impedance measurements of devices.
In the future other possible experiments include the periodic plasma waveguide accelerator, acceleration on open structures at the millimeter scale, and other wake transformer devices.
LASER ACCELERATOR TEST FACILITY
The other dedicated facility under consideration at this moment is the LATF. This facility would combine a very low emittance electron beam with a high power, short pulse laser system. There is strong interest at Brookhaven for building the facility there. The design parameters are being considered now and comments from interested parties would be welcome. A master oscillator is used to run both the klystron and the laser system. The low-power visible light front end of the laser is used to back-illuminate a tiny spot on the photocathode of the electron gun. Following acceleration to 50 MeV in a 3 m linac section, there is a beam transport system for selecting the emittance and momentum bites. A high energy laser pulse arrives at the experimental test device at the same time as the short electron bunch.
The experiment is followed by a spectrometer to measure the change in momentum and deflections.
The synchronization of the electron bunch and the high energy laser pulse is very important for understanding the laser-particle interaction.
One pulse from the master oscillator drives the linac klystron directly.
Another simultaneous pulse can be phase shifted and used to drive a cw mode locked YAG laser (1.06 ~m). The pulses in the train are compressed and amplified.
A single pulse is then selected and sent to a second harmonic generator (SHG). This provides a short pulse of visible light to drive the photocathode.
In the meantime the unshifted YAG pulse is used to control the reflection and transmission properties of two semiconductor plates. These switch out a short portion of a pulse from a CO 2 oscillator. This is then amplified and transported to the experiment so that it arrives about the same time as the electron bunch. 8 The small (-I0 -I0 m-rad) emittance of the proposed beam comes about chiefly from the specifications of the electron gun. The SLAC design 9 uses a photocathode of cesium antimonite (Cs3Sb) on a nichrome substrate.
It is deposited in situ and requires a very good (-i0 -I0 torr) vacuum.
The laser wavelength of 530 nm is chosen to be near the photoemission threshold in order to prevent transverse emittance growth.
The gun will be mounted onto the accelerator section via a i cm long, 2 mm diameter channel.
No intermediate buncher is needed because the laser pulse bunches the beam directly. The absence of the buncher also helps prevent growth in transverse momentum. The photocathode gun voltage is 400 kV, the photocathode radius is 20 ~m, the cathode current density is 200 A/cm2, and the expected charge/bunch is 105 .
One can obtain more charge/bunch by using a photocathode with a larger radius.
The LATF design is in a region where the emittance is dominated by the gun itself.
The charge/bunch could be increased by at least three orders of magnitude before the brightness of the beam begins to drop off.
Thus experiments requiring more charge could easily obtain it by relaxing on the good emittance.
The radial rf forces in the linac are proportional to the beam current and will therefore be small.
The wakefields should be small so long as the beam can be kept centered to • 0.5 mm, which should be easy.
The calculated emittance growth is 5% in acceleration to 50 MeV. 10 The electron bunch length is determined by the width of the visible laser pulse.
It is expected that this will be 1-6 ps. We hope to synchronize the visible light pulse with respect to the klystron rf with no more than 2 ps jitter.
This would give an energy spread of -0.5% for a 6 ps pulse width and -0.1% for a i ps pulse. A pinhole collimator 1.5 cm long with a 500 um diameter hole is located at the beam waist. This is followed by an emittance selection region with a phase shift of 90 ~ so that the x' at the first waist is now x. A second pinhole collimator then effectively selects the emittance. Next comes a momentum spectrometer which disperses the beam, collimates in a horizontal Jaw to select the momentum bite, and recombines the beam. The collimator could have precision jaws capable of closing down to 20 ~m for some experiments. The whole section makes a 360 ~ phase shift and directs the beam into a cleanup collimator.
The last section is the final focus which has a 90 ~ phase shift and produces a final spot at the experiment with a 0.5 ~m waist and a • 1.5 mm depth of focus.
The total length of this line would be -30 m.
One of the important problems with such a small beam is monitoring the beam position.
It is proposed to use extractable CCD detectors in the same package with the pinhole collimators.^ The CCDs have a pixel size of 20x20 ~m and can cover an area of i cm z. This device should be able to locate the beam and center it on the 500 um pinhole.
The final focus would have permanent quadrant detectors located before and after the experimental area.
These solid state detectors would have a 100 ~m hole for the beam to pass through and would be adjustable in z. The detectors would be able to locate a mis-steered beam and then to center the beam to within a fraction of i00 ~m by detecting the beam halo.
The precision steering in the area of the final focus would be done with 3 independently insertable microstrip detectors.
These detectors would be i00 Bm thick with 2 ~m pitch strips.
An x plane would be located on the front and a y plane on the back. Fifty strips would cover the 100 ~m hole of the quadrant detectors and require only 3x50x2-300 readout channels.
The proposed analysis spectrometer consists of a quad triplet, a bending magnet, CCD detector, scintillation counters, and a photon detector in the forward direction.
All of the items are physically small, so that we envision reconfiguring the spectrometer quite easily to accommodate the requirements of different experiments.
The first experiment proposed for this facility is acceleration using open structures at the micron scale. II These include gratings and specially designed structures such as colonnades and foxholes, which are etched on silicon wafers.
The structures act like miniature linacs and create a component of electric field along the particle direction.
The source of the electric field is the incoming high power laser pulse. An acceleration of 3 MeV is expected in the initial experiments.
A second proposal would study non-linear Thomson scattering and multlphoton absorption. 12 Here one backscatters a laser beam from single free electrons.
Other possible experiments for the future include production of picosecond x-ray pulses, FEL experiments, studies of the microlasertron power source, switched power llnac, and an inverse Cerenkov focussing device.
SUMMARY
In conclusion I believe the future looks reasonably good for facilities to study new acceleration and focusing techniques. The Argonne facility will be on the air and performing wakefield experiments shortly.
It is possible that the BNL facility could be approved and ready for experiments by the end of 1987. Current FEL facilities could also play a role in the future. Hopefully experimental results will be available at a much greater rate in the not too distant future.
